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ABSTRACT 

Seed coat tnicromorphology for 22 of 67 species of the genus Oxytropis from the Arctic in sections Anriofrui (nine spec les), Bairalia u v " 'l* 
«!).ClmapHak (three species), Mesogncu (one species), nnd Omfcin (seven species) were studied u»n s Scanning Eettron »"~uf'r 
EM) Three main types of seed coat micromorphology (i,e„ rugulate, lophate, and foveoUte) and four distinct see s apes ic.reniii . 

Itifiirm.giobose, and ovoid) were found. Seedcoa, variation was examined using multinomial regression analysis ol i.i.wmoinii 1 

licst, seed dimensions and geographical distribution. The relative frequency ol dw s«d co« types and 

ttalication showed section Mcsogttcn to be dillerentiated front sections M ****. "*/**££ **' £ 

M- Mcsognen is unlqueatnong the uxa studhni in having™* globose seeds when coniparrf with ihe other A asha. lasa wnh U 

tenifbnn seeds. Overall, seed micromorphology among the Alaskan members of (hrynopts is htg isana eat e. 


species 


RESUMEN 



?***» la ™*ro«norfologiadela testa de 22 de las 67 especiesdel genero Oxytnp^^ ^per Mtcroscopia 
- (dos especies), Glaeocephala (ires especies), Mesogam (una espec, ulada , Wada v foveolada) y se encontraron 

dectronica de Barndo (SEM). Hay tres tipos principales de u variadc Tde la testa se examine med.ante un analists 

cuatroformasdisuntasde semillas (ej„ reniformes, mttiformes, globosasy Histribucion geografica La frecuencia relativa de 

d<regresion multinomial de la clasificaciOn taxonomica, las dimensiones , m05lr0 que !a seccion Mesogaea debe 

05 lipos de semillas de la capa y forma de la semilla en comparacion con a c action Mesoguea es umco taxon estudiado 

diferenciarse de las secciones Arctobia , Baicalia , Glaeocephala y Orohia. Oxytropis e/ ^^g^ndes, reniformes. En 
<|Ue tiene semillas pequenas, globosas, en comparacion con los otros grupos taxono ^ . esp ecie. con algunas especies 

general, lamicromorfologia de la semilla entre los miembrosde Alaska de Oxytropis es mu> 

'P° r ejemplo, 0. viscida y O jordalii ) que demuesiran los tres tipos de cubierta en las semi as. 

INTRODUCTION . „ 

.1 r’eiiofTpap rwimort) is tflxononiiC3Liy com 
genus Oxytropis DC. (Fabaceae, subfamilyPapilionoideae c ^ zhu & ohashi 2 000; Welsh 

P ex. comprising over 300 species worldwide (Yakovlev et a . ^ _ Morthem Hemisphere, with its great- 

2001; Lewis et al. 2005). The genus is widely distributed throug Ranjbar et al 2009). A total of 

est diversity found in the Tibetan plateau and circumpolar Arctic ( ’ - 

6 / SHPoi A rt *-* 1- 4 a • 11 rxrrilT ill Alaska (Yurtset 


1999 



uuuuui iucaiclm.,^ 17_i 5 jvia and consequently snares many w 

5 (nought to have derived from Astragalus L. approximate y - . mn ietrical leaflets, and an acaulescent 

|°gical characteristics (Wojciechowski et al. 2005). A beake ^ 1957 ) Many of the taxonomic relation- 

™ a bit distinguish Oxytropis from Astragalus morphologically Ba > diversification (reviewed in Welsh 
ihi ps within Oxytropis remain nroblematic, likely due to relatively rec 


• 001 ). 
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Several times in the Quaternary during glacial maxima an ice-free, continuous land bridge extended from 
the Russian Far East to Alaska and Canada and played a significant role in the history of many northern taxa 
(Hulten 1937,1958: Elias et al. 1996; Ickert-Bond et al. 2009). In fact, a large ice-free refugium existed from the 
northwestern-most Arctic in Canada to the Lena River in arctic Russia, the area defined and named Beringiaby 
Hulten (1937). Oxytropis present in Beringia, range in distribution from amphi-Beringian taxa to groups en¬ 
demic to eastern (Alaskan) or western (Russian) Beringia to circumpolar elements, some with extensions 
southward into the Rocky Mountains (Yurtsev 1997, 1999; Talbot et al. 1999; Ickert-Bond et al. 2009). The 
suspected recent diversification of the genus coupled with specialized niches (i.e., O. kobukensis S.L. Welsh, 0. 
kokrinensis A.E. Pors., and O. tananensis Jurtz.) has resulted in high levels of intraspecific morphological varia¬ 
tion and phenotypic plasticity. In addition, the lack of definitive taxonomic characters in some complexes. 

have led to difficulties and differences in species delimitation, resulting in competing taxonomies and a 
plethora of synonyms (reviewed in Welsh 2001). 

Alexander Bunge s worldwide treatment of Oxytropis (1874) established four subgenera based on the pres¬ 


ence and variation of a septum in the legume fruit and the length of the calyx teeth: I. Oxytropis (pod exerted 
above the calyx, with pod always ventrally and sometimes also dorsally septate), II. Phacoxytropis (pod exerted 
above torn calyx, without septum). III. Physoxytropis (small, somewhat inflated legume enclosed by intact ca¬ 
lyx), and IV. Ptiloxytt opis (small pods enclosed by calyx with long villous calyx teeth). Bunge (1874) further¬ 
more distinguished 17 sections within Oxytropis based on leaflet arrangement, raceme size and shape, legume 
shape and anatomy, presence of glandular hairs, and presence of spines on the petiole. Many of Bunge’s infra- 
generic categories are still used in taxonomic works today (Barneby 1952; Yurtsev 1997,1999; Zhu & Ohashi 
2000; Polozhij & Malyschev 2006; Malyshev 2008a, 2008b; Ranjbar et al. 2009). 

Revistonary work on members of < )xyt ropis was completed by Vasilchenko (1948), who added two sub¬ 
genera exclusively of Old World taxa. In 1952 Barneby revised Oxytropis for North America, clarifying much of 
the nomenclatural issues that had arisen. Yurtsev (1997,1999) treated the genus from a Panarctic perspective 
and noted the importance of substrate affinity to the distribution of certain taxa. Most recently, Welsh (2001) 
revised Oxytropis in North America, largely agreeing with the species concepts proposed by Barneby. These 
authors placed importance on characters such as stipule shape, pubescence type, legume shape, and substrate 
affinity to deUneate taxa. Although the Panarctic Flora Checklist provides a unified view for all areas of the 
Arctic (http://nhm2.uio.no/pa0, the high phenotypic plasticity observed in some taxa along with differencesin 

species concepts between Russian and American taxonomists result in no widely accepted taxonomy for the 
group. 7 r 


The vaned climates, lithologies, and landforms (many created and modified by cold climate geomorphic 
processes) in Alaska generate a number of different habitats and ecological niches. Steep gradients of abiotic 
actors such as disturbance, elevation, and moisture result in sharply contrasting adjacent habitats. Thus weak 
geograp ic an eco ogical reproductive isolation among rapidlv diversifying taxa might well have allowed in- 

trasnecihcanH ^ _ y 7 ° ^ 


Oxytropis (Jorg 


-pi 1 -vjvi^toLiiudl. Z.UUJ, nriVUKUViHX — 

f ese l enomena ° ften caused by the influx of multiple rapid colonization events have occurred in a number 

2006)' C Smera ' g ' An ™ iS ‘ a - Cassi °P‘- a " d (Eidesen el al. 2007; Ehrich et al. 2008; Tlcach et A 

Jr 

m ° r P h °l°Si c phylogenetic studies that have been conducted in Oxytropis have yet to yield" 
f k n ' ,a ” n ° m> for **“ Setts. Jorgensen el al. (2003) using ITS and RAPD markers for populate® 

ot u. cfttnpcstris andO. flrctica mmnlpvpc in a _ i , _ _ 


suggcsted 

auenee data from V^- 10t . multlpl ' onglns °f polyploidy. Most recently, a phylogenetic study based on ITS ; 
2012) relationships of the genus (Archambaul. and Strou. 

identification of section Meso JeuasX n frTh SOme h' nf T genenC rela " 0nshi P s wi,hin ,he gC " US ' ““l 

non events of Oxytropis in, Jk ° ( “W. * well as mult,pie recent rad 


Witftin Fabaceae Severn! srudies have invesrigared rhe value of seed coa. micromorphologkal ct***® 
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as seen with SEM for identifying economically important taxa (Lersten 1981; Pandey & Jha 1988). Fort \ -eight 
species of Turkish Astragalus were examined (Vural et al. 2008) investigating seed micromorphologv, the studs 
revealed two distinct seed coat types (i.e., rugulate and rugulate-reticulate, terms consistent with those used in 
our study) and three distinct seed shapes (i.e., peroblate, suboblate, and oblate). Seed shapes 

_ — _ * _ 1+1 1 W * M. . A _ _ ■ ^ \ 





taxonomi 


Turkish and 


striate 


Ranjbar 2009). Seed coat patterns in Oxytropis have been documented as rugulate, lophate. or multi-reticulate 
However, only a few species have been examined (i.e., Oxytropis riparia Litv., Oxytropis Gtifiqtcstris Hook., 0 \\ 
iropis 1 ambertii Pursh), and none from Alaska (Lersten 1981; Pandey & Jha 1988; Solum & Lockerman 1991) 
Recently Erkul and Aytag (2010) examined 13 Turkish species of Oxytropis and classified seed coats ar ^ 

reticulate, psilate-reticulate, reticulate, and striate-rugulate. 

In the current paper, we exended the SEM survey of seed coat micromorphology, shape and size into the 

Alaskan oyxtropes. In order to test the value of seed coat micromorphology we examined representatives of 

sections Arctobia, Baicalia, Glaeocephala, M esogaea, and Orobia. Multinominal logistic regression analysis was 

employed for several independent variables (taxonomic classification, seed dimensions, and geographical dis 

tribution) to describe seed coat variability. 


MATERIALS AND METHODS 


Our 


cics 


that 


survey of seed coat micromorphology of Oyxtropis included 22 Alaskan taxa of the 67 arctiL spe 
have been described (Yurtsev 1999; Elven & Murray 2011; Table 1). Most of the remaining arctic species are 
(torn the Old World (e.g., the Russian Far East, Siberia, and Scandinavia). Within the 22 Alaskan Oxy iropis we 
included nine species from sect. Arctobia (of 13 classified in this section), two from sect. Baica ia ^ g 
sified in this section), three from sect. Glaeocephala (of 13 classified in this section), one of sect, es^aca o 
three classified in this section), and seven from sect. Orobia (of 27 classified in this section, a ox °" r 

species in sect. Arctobia ( O. arctobia Bunge, O. bryophila (Greene) Jurtz. subsp. lonciopo a a ^ y - 
czukotica Jurtz., and O. mertensiana Turcz.X we included additional samples that were collected from g 

mg regions on the Chukotka or Kamchatka peninsulas (Russia) and the Yukon Territory ana »• 

Our study is based primarily on mature, fully expanded seeds that were removed from herbar p - 

mens '. several immature, flammed or partially broken seeds were also exammed^ wter m soffiam tu 

was available (Table 1) Seeds were soaked in 90% ethanol for 24 hours and atr-drted. For ana.om.cal study, 
avauaoie f table 1). beects were soatau , , lcoho i for 30 hours and samples were 

seeds were soaked in a mixture of equal parts water, glycer , y entatives of each taxonomic 

then hand sectioned with a razor blade. Seed anatomy was examined from p , SEM stubs 

- 0 , Eor Scanning Electron Microscopy 

with double-sided tape, sputter-coated with a palladium g ^ n r a i a ska Fair- 


-... r in a Ladd model and viewea wun an 

'vith double-sided tape, sputter-coated with a palladium g (AIL) Unlver sitv of Alaska Fair- 

a-SR-50 SEM at 15-20 kV at the Advanced [nstrumemation a cy , ons adj a«m to the hilutn 

b anks. Following Lersten (1981). seed coat micromorpholog) was examine g 

at magnifications ranging from 500-2000x. micrometer on a stereoscopic 

Measurements of seed length (L) and width <W, were nls given are lhe mean 

microscope as well as from the SEM image file with a scale bar a ^ (q |he hdum) in mi ii ime ters 

engih (measured transversely to the hilum) and width (measure spcc i m en three seeds were mea- 

We 1). A minimum of three specimens per .axon Barihlot, (1990). 

^red. Terminology used for seed shapes and seed coats o ow types (i.e., rugulate, lophate, foveo- 

Statistical analyses.—We compared the relative frequenc) latitude, and longitude to evaluate 

w hh respect to taxonomic sections, species, seed lengt . se . ist j ca i regression was performed in R 
kxonomic, physiological, and geographical corre lat ions .Mu tmo _ & Rip i e y 2002) with the objective 

v ersion 2.10.0 (R Development Core Team 2009) using t e i of laxonom i c section, species, latitude, 

® testing potential predictive variables of seed coat type. e used as independent variables (IVs) in the 

0n gttude, seed length, and seed length-to-width ratio (LW *** . information theoretical approach 

model, with seed coat type as the dependent variable 









Tabu 1. Specimens examined along with voucher information and locality data, * All vouchers examined are deposited at the University of Alaska Museum of the North Herbarium (ALA) (unless otherwise noted). Herbarium acronyms follow 
Index Herbariorum (Thiers 2008), t denotes irregular or partially broken seeds. Surface ornamentation is categorized in five types; rugulate (R), rugulate reticulate (RR), multi-reticulate (MR), lophate (L), and lophate reticulate (LR). Latitude, 

longitude are recorded below (Index of Plant Chromosome Numbers, IPCN). 
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Table 1 . Specimens examined along with voucher information and locality data. * (cont/nu6d) 
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fw 1 Summary statistics of the multinomial logistic regression with AIC model selection of seed coat micromorphology. Delimitation of taxonomic section 
■lened to in table as "section"), species, latitude, longitude, length and length to width ratio. The data partition examines three pnmary seed coat types 


_; jtate. lophate, foveolate) 


1.6 



ndependent Variables Selected 


WC Score 



Section+Species+Latitude+Longitude+Length+LWW 

Section+Latitude+Longitude+Length+L:W 

Section+Latitude+Length+L:W 

Section+Length+L:W 

Section+Length 

Section 


241.1210 
231 4239 
228.8970 
228.4271 
232.7890 
234.18S4 



UC) to 


to select the most parsimonious model of all candidates by minimizing Akaike s in ormation enteric 
determine which independent variables explain variation of seed coat type (Table 2, Akaike ■ 
implemented as a relative measure for goodness of fit, which penalizes the number of parameters in t e 

to prevent overfitting (Akaike 1974). 


RESULTS 


e 1. A 


Seed coat types and shapes. —The morphological characteristics of the seeds are su , 
seeds examined appear smooth under the dissecting scope and show a uniform dark to light bn ,w ,i pigmo - 

tion (Fig. 1). Typically the seeds are reniform, but when the lobes are unequal in tngt » _ . .... 

mitiform sensu Murley (1951) (Fig. 1C-D). Fewer seeds are ovoid or globose as e nc > t _ _ 1 W]d(h 

ratio (Table 1; Fig. 1A-B). Seeds of Oxytropis examined in this study range rom _ 

and from 1.0 mm to 2.1 mm in length; with an average length-to-width (L:W) ratio of a874:1 Table ). 

Seed anatomy. —The cross-sections revealed the seed coat in all semens to be weU 

exotestal with the outer integument macro- 

epidermis is covered by a cuticle on upper anticlinal wal s xg^ • and five lQ clghl rows 0 f CO m- 

sdereids (Figs. 1B-C), followed by a single row of osteosclereids (hypo 

Pressed, tangentially elongate parenchyma cells of the and foveolate) were observed 

Micromorphology.—Three primary seed coat types (i e _ S , . k cu ti C ular patterns among differ- 
1 many species (i.e., Oxytropis arctica var. bamebyand)ex *«* g ^ show a rugu late seed coat 

ent individuals (Fig. 5). The majority of seeds (63%) mt 2A _ D . Table 1). Within rugulate 

characterized with irregularly roughened cuticular o s n r a , eC ondarv mesh of interlacing ridges 


ds examined (Fig 2C-D, 

which consists of 


and irregularly roughened cuticular folds and were found in 50% of the "_ 

Table !)• Approximately 32% of the seeds examined demoi^tra^^ e op patle ms (L= lophate. Fig 

distinct short ridges with irregular sides forming up i te c ^ a fcw specime ns and recognized 

2G--I, Table 1). We observed additional reticulation o t e c P ' . lonhate-reticulate pattern are rcla- 

those as lophate-reticulate (LR, Fig. 2G, Table 1). The cuticu ar ri 8 > ^ f ove olate seed i «type character- 
lively thin when compared to the ridges in multi-reticu ate see ^.^ d t j, e seed surface were onlv 
izedby irregular circular folds with blunt edges and thick ce^ ^ f ove olate type (Fig. 2E-F. Table 1) 
observed on 5% of seeds examined (F= folveolate, Fig. - E F ’ an j Q. viscidal 


erved on 5% of seeds examined (F= folveolate, g- » koyukensis an jo. viscidal 
Aas found in only four species (i.e., O. tunanensis, O.jor ail, nom j a j logistic regression for the three major 

Statistical Analysis.—Stepwise model selection of the 111 sec tj 0 nal classification, length of seed (size), 

-lasses of seed coat types showed the strongest association . descriptive model with an AIC score 

W L:W ra .io Produced .he most parsimomous and de* p 


removal of 


hisfi 


ype 




o 


°f the five sections differed in 


vas associate - France to the overall vanauouuwu > 

w a s,obo5£ stape aKi 
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F .“„' ° f i" *^ska usmqscannrtgeiectron microscopy. A. (fcynojm(fcrfle,,, J«6|; B. a»yera,u! ro/M>wnsn 

. . . ,— g : 

seed. D. mitiform seed. Scale bars A-D. son um y 


section Arctobia had less variable seed coat patterns as compared to all other sections examined (Table 2, Fig4). 

pectes c ossification explained only a minor amount of variation in seed coat type (Table 2). Similarly, length 

and L-W ratio explained little of the variability of seed coat type (Table 2). Latitude and longitude were the least 
informative of the independent variables (Tables 1,2). 


DISCUSSION 


e current sludy has revealed several distinct seed shapes, a uniform exoteslal anatomy, and three main tyP® 
of micromorphology of ihe seed coat Ci.e„ rugulate, lophate, and foveolatel with most sneries exhibiting 


# • ] M , ■ i ° r “i'., «uu luvcuidu:;, wiifi mubi bptuo cau* u ° 

liptecua cular patterns among different individuals of Alaskan oxytropes. Seeds are typically renifonn 
mititorm, while infrequently —i j-» . ' r ir 


to 


amined 


internal 


types 


an epidermal 

pv we recog 

ni«tl ih.o» . a_ . ' vewociuuus. uuscu on micrumui uuuiv/gy, ” 

somcdZsetf 17^7^ ' l ° phale ’ foveolate 'With additional variations occurring *>** 

viouslv noted in l T ^ lophate * reticulat e). All of the patterns observed in our study were p*' 

Y seeds of Papdionoideae by Lersten (1981). We note that seed coat micromorphology «" thiD 
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Fk 2<^ • i ^n m irr^t«iR^OxYtomsbryophila(Mun^,Yurtsevil(eto10658);9,Oxy^ 

CWtPattemS of0 *y tw P is inAlaskaus,n 9 stann,n 9 ekKtron ' . orvtmoisvisrida(Raup,Drury,&Raup 13962); 6 ,Oxytropis 
Jww (Koroleva & Petrovsky s.n.); I, Oxytropis jordalii (Upkini Carton 03-310 ) rug J! ; , 2); , (Duffy MD07-123). 

® var. bomebyana (Jorgensen etaL JJ-97- 11-3); H, Oxytropis koyukensis(Jorgens ^ ^ Q mu(t ,. ret jculate seed coat pattern 

wgulate seed coat pattern. B, details of articular folding in rugulate seed coa X rug ^ ^ CQat pattem illustrating details of articular 

nstrating thicker secondary ridoe details as compared toCE, foveolate s _ . , Lop hate-reticulate seed coat showing additional 

- - - r .~~ ^ vlw . ueiailJ U1 ure articular folding and regular spaang of the lophae. t W"*™ 

Iges encircling the lophae (arrow). Scale bars A, -E, G, 1,20 pm; B, F, H, 10 pm. 

manifestation of the underlying epidermal cells (Fig. 
is seed coat micromorphology found exotestal char 


lophate seed 


Oxytropis may be entirely of cuticuiar origin and not a 


acr n i0US StudiCS investi 8 atin 8 Astragalus and Cfcc >' tr ^^ sh Mt alus found only two distinct seed coat 

ers of limited use. A study that examined 48 species of 
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F.s. 3. Seed anatomy of selected species of Oxytropis in Alaska using scanning electron microscopy. A, Oxytropis huddelsonii (Father etal. 651 7); B» 
tropistananemis (Ickert-Bond 1517); C, Oxytropis bryophila ( Ickert-Bond 1526). A, Partially sectioned seed showing position of the hilum (HI), and W 
prominent cotyledons (CO) filling the embryo cavity. B, Cross section with detailed view of edge of the seed showing macrosdereids (MS) and cotyledon 
(CO .outer. C, Cross sector, detailing uniform outermtide (OQ, macrosdereids (MS) making up the outer epidermis, followed by a rowof osteosdera* 

) rming the hypo dermis and tangentially elongated parenchyma cells (PA) of the nucellus. CO = cotyledon, HI = hilum MS = marosdereids, 0C= 
outer cut.de, OS = osteosdereids, PA=parenchyma. Scale bars A 500 pm, B 100 pm, C50 pm. 


microphologtcal types (rugulate and rugulate-reticulate) and three seed shapes (oblate, suboblate, and perob- 
ate) (Vural et al. 2008). The authors concluded that seed coat patterns at both the species and infrageneric 
levels were of limited taxonomic utility in Astragalus unless supported by macromorphological characters 
Similarly, 13 Turkish species of Oxytropis were examined and classified as striate-reticulate, psilate-reticulate. 
reticulate, and stnate-rugulate (Erkul and Aytag 2010). Comparison of morphology of these Turkish species 
with the current study is limited however as these seed coats types (striate-reticulate, psilate-reticulate, reticu¬ 
late, and striate-rugulate) are not well defined in the study (Erkul and Ay tag 2010). The pioneering work of 

testal topography exam,nation by Lersten in 1981 revealed tribal associations in Leguminosae subfamily V* 
puionoideae, specifically with Vicieae, Trifolieae, and. Tct r 

The multinomial logistic regression revealed species delimitation (independent variable) to describe the 
leas, .mount of seed coa, variation (dependent variable), along with latitude and longitude. These results 

binea with the lntrasnecifir j _ , & ^ tt es cannot 


i i |. . . i conserved demonstrate that 

e use to discriminate spec.es of Alaskan Oxytropis and are no, taxonomically useful. 
Historical Iv. species dehmitation in n™*™.,;,!_i_ . . _ 
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*1 > plethora of synonyms (reviewed in Welsh 2001) and a number of Alaskan 0*roph iaxa are pariicuto y 
luestionable (see B^meby 1952; Yurtsev 1997; Welsh 2001 ;Jorgensen e. ak 2003; E ven «**£*££ 

ecognized, would be taxa of conservation concern (AKNHP 2013). We n °° ™ . has been de- 

:ed .hat support separation of 0. mnottensis front O. vunuus/compettri, 0*'***"*"^™ 
«ibed as adistinct taxon by Yurtsev in 1993 based on theumque pre«rt« o remn ^ syn onymired 

Jvet. and Munray (2011) sees it as part of the natural^ ^ ^ ^ suppor , x(araM „ „f the 

3 tananens,s with his a campestris var. vanans. Similarly UanAvana Fie. 5) from the red/blue- 

*'hiie-flowered plants of O. arctica from western Alaska (O. arctica * (Elven & Murray 2011) 

Wed O. arctica s. str. plants of the Canadian no. in 

stress, however, that absence of diagnostic seed characters a 

*lf indicate a lack of taxonomic validity of these taxa observed some trends in frequency of seed 

Despite the lack of taxonomic utility at the species eve distinctive at the sectional level for 

>at types at higher infrageneric ranks. Seed coat type an see in ^on Arctobia with 97% of the 

ctions Arctobia and Mesogaea. Seed coat patterns were mos c ^ Alaskan members of sections 

1X3 examined being strictly rugulate. Greater variability was o se ^ ., ed hig h intraspecific variabil- 
r °fna, Baicalia, and Glaeocephala. Taxa examined from these seen 

Ym Seed coat [ yP«. . . Al „ kan OxMropis, even within individual spe- 

Despite the variability of seed shapes within sections 1 distinct by having exclusively small globose 
Oxytropis deflexa of subeenus Phacoxytropis sect. Mesogaea is . Fi i\ — compa red to seeds 
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- 0. koyukensis (AF366334) 

- O. koyukensis (AF366332) 

- O. koyukensis (AF366330) 

- O. arctica var. barnebyana (AF366312) 

- 0. arctica var . barnebyana (AF366310) 

- 0. arctica var. barnebyana (AF366308) 

- 0. maydelliana (HQ176486) 

- 0. may delliana (HQ176485) 

- 0. maydelliana (HQ176484) 






Fig 5. Infraspecific variation of seed coat patterns in selected Oxytropis species from section Orobia in Alaska. A. Three spedes from Oxytropis 
ro w have been shown to form a well supported dade based on molecular data by Achambault and Stromvik (2012). Clade redrawn. Frequency P« 
grap s are shown next to the taxa at right. Node support (Bayesian posterior probability) is indicated above nodes. Seed coat types are F=fotveolace. 
op ate, ophate reticulate, MR = multi-reticulate, R = reticulate, RR=Rugulate-reticulate. B.-F Oxytropis arctica var. barnebyana. B. Closed 

°» TT ,Stmctive purple tin9e 31 the keel - c Habit O" the Seward Peninsula, western Alaska. D. Reticulate seed coat pattern. 1. 

reticulate seed coat pattern. F. Lophate seed coat pattern. Scale bars D-F 20 urn 



characters. Molecular evidence strongly support section M esogaea as being an ancestral lineage of W*? 

re am ault & Stromvik 2012). In addition, matK sequence data for 637 legume taxa including seven specif 
o Oxytroprs O. deflexa was shown to be the earliest diverging branch (unpublished data, Martin F. 
ojciec owski, Arizona State University, Tempe, Arizona). However, additional samples of Asiatic members 

in subeenu* Phnrnvx 


Phacoxytropis are needed to test whether small globose 

seeds represent the derived (apomorph 


I . “ -piuv; LUIIUIUUII UM /AyifUpi3- 

is crucial to continue reporting detailed observations on morphological diversification as they 

™s of evn,,,t ' nn m ,llJ * Oxytropis , particularly since arctic members have been reported to be 

d hybridization involving polyploidy (Jorg^«"" **» «1 2003: Archambau t 


veal 
be th* 


and Stromvik 2012; Artyukova & Kozyrenko 2012). It is possible that 


more current hybrid 
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even^ 
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have occurred in a number of other arctic genera including, Artemisia , Cassiope, and Rubus (Eidesen et al. 2007; 
Ehrich et al. 2008; Tkach et al. 2008). 

Studies investigating the importance of ecology in the speciation process might be particularly promising 
in Oxytropis, where sympatric species are documented to inhabit different ecological niches. For example, O. 
tcufeotica is an acidophilous species while O. gorodkovii is calcicolous (Yurtsev 1999). Also evidence 


is mount¬ 


ing that populations adapt to similar environments via different genetic pathways (Steiner et al. 2009) further 
confounding the issue. Taxonomic resolution in a complex genus such as Oxytropis will only be achieved using 
a multi-level approach that integrates phylogenetic, morphological, and ecological investigations. 
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